ABSTRACT The effects of dietary conjugated linoleic acid (CLA) supplementation on growth performance, carcass quality, free fatty acid composition, and accumulation of CLA were investigated in broilers. Four hundred eighty 3-wk-old broilers were assigned to 4 dietary treatments (0, 0.5, 1.0, and 1.5% CLA) with 6 replicates of 20 chickens. Feed consumption and BW were recorded at every 5-d period. On d 42, carcass compositions were determined from 30 birds per treatment. There were no significant differences in average daily feed intake among the treatments. However, feed conversion ratio was highly significantly different (P < 0.01) between treatments, and average daily gain was significantly reduced by a supplement of dietary CLA (P < 0.05). Live weight
INTRODUCTION
Conjugated linoleic acid (CLA) consists of a group of geometric and positional isomers of linoleic acid. Conjugated linoleic acid is used as a collective term because all known isomers have double bonds with a single carbon bond in between instead of the usual methylene-separation. The predominant CLA isomer is rumenic acid (cis9, trans11 octadecadienoic acid), which represents 90% of CLA present in milk and 75% of CLA present in beef fat (Chin et al., 1992) . Ruminant products show relatively high concentrations of CLA (0.5 to 1.5% of total fatty acids), whereas meats from monogastric animals are poor sources of these compounds (0.1 to 0.2% of total fatty acids). Fish and some vegetables also contain low CLA concentrations (Chin et al., 1992) .
Interest in CLA has increased in the past 2 decades as a result of its potential beneficial health effects. Conjugated linoleic acid was found to act as a growth factor (Chin et al., 1994) and a fat-to-lean repartitioning agent (Pariza et al., 1996; Park et al., 1997; Ostrowska et al., 1999) and 318 and percentages of carcass, drumstick, thigh, boneless thigh, pectoralis major, and pectoralis minor were not influenced by the dietary CLA. Abdominal fat was significantly reduced (P < 0.01) with the increased CLA level in the broilers' diets. Percentages of liver weight were significantly increased (P < 0.01) after the CLA treatments. Percentages of drumstick and boneless drumstick were significantly decreased (P < 0.05) by dietary CLA. In terms of free fatty acid composition in broiler meat, CLA addition significantly increased (P < 0.05) saturated fatty acids, especially in thigh muscle, whereas unsaturated fatty acids were unchanged. Accumulations of CLA in meat were significantly increased (P < 0.05) with increasing CLA level in the diet.
to show anticarcinogenic (Schulz et al., 1992; Ip, 1997) , hypocholesterolemic, and antiatherogenic (Lee et al., 1994; Nicolosi et al., 1997) properties. Conjugated linoleic acid was also involved in stimulating the immune functions in chickens and rats (Cook et al., 1993; Wong et al., 1998; Hayek et al., 1999) . In humans, milk fat consumption as the major source of CLA (Jiang et al., 1999) was demonstrated to protect against the risk of breast cancer in women (Knekt et al., 1996) .
In view of the above health-related effects of CLA it seems desirable to provide CLA-enriched products for human consumption. It has already been demonstrated that CLA is readily incorporated in tissue lipids in broilers (Szymczyk et al., 2001) , pigs (Dugan et al., 1997; Dunshea et al., 1998; Ostrowska et al., 1999; Thiel-Cooper et al., 2001) , and egg yolk (Raes et al., 2002) . The purpose of this study was to determine the effect of dietary CLA supplementation on growth performance, feed conversion efficiency, carcass composition, and fatty acid composition in broiler chickens.
MATERIALS AND METHODS

Experimental Animals
All experiments were conducted in accordance with the principles and guidelines approved by the Suranaree (FASS, 1999) . Four hundred eighty broilers (Arbor Acres; 3 wk old) were randomly assigned to 4 groups. Each group (120 broiler chickens) was further randomly divided into 6 replicates of 20 chickens. Chickens were kept under conditions of evaporative cooling system and lighting program (16L:8D) throughout the entire experiments. Chickens were fed diets and water ad libitum during the entire experimental period.
Experimental Diets
Each group of chickens was randomly fed an experimental diet, containing 0, 0.5, 1.0, and 1.5% CLA. All experimental diets were isonitrogenous and isocaloric and formulated to meet the National Research Council (1994) requirements. Chickens were fed experimental diets containing 3,267 kcal of ME/kg, 20.1% crude protein, 1.11% lysine, 0.72% methionine + cystine, 0.99% calcium, and 0.60% phosphorus. Chemical analysis of the diets was made for crude protein, crude fiber, ether extract, and ash (AOAC, 1998) . Feed ingredients and chemical compositions of the experimental diets are presented in Table 1 . Chickens were given the 4 dietary treatments that consisted of 4 graded levels (0.0, 0.83, 1.67, and 2.5%) of the commercial liquid CLA [BASF (Thai) Ltd., Bangkok, Thailand] containing 60% CLA (30% c9, t11; 30% t10, c12), 22% oleic acid, 6% palmitic acid, 4% stearic acid, 2% linoleic acid, and 6% other isomers of fatty acids. Thus, the resulting dietary CLA concentrations were 0.0, 0.5, 1.0, and 1.5%, respectively.
Growth Performance and Carcass Quality
Feed consumption and body weight were recorded at every 5-d period. On d 42, 30 birds per each treatment were stunned and slaughtered by neck cutting and exsanguinated. Carcasses were then plucked and eviscerated to determine carcass weight as a percentage of live weight, and abdominal fat (considered to be the fat extending within the ischium, surrounding the cloaca, and adjacent to the abdominal muscle) and pectoralis major, thigh, and drumstick muscle weight as a percentage of carcass weight. Samples of pectoralis major, thigh, and drumstick muscles were stored frozen (−20°C) for further analysis.
Fatty Acid Analysis
Fatty acid analysis was determined as previously described by Raes et al. (2000 Raes et al. ( , 2001 . In brief, lipids were extracted from fresh meat using chloroform/methanol (2:1, vol/vol, modified from Folch et al., 1957) . Nonadecanoic acid (19:0) was added as an internal standard. The fatty acid methyl esters (FAME) were analyzed by gas chromatography using a CP-Sil88 column (model 6890, Hewlett Packard, Santa Clara, CA) for FAME (100 m × 0.25 mm). The gas chromatography conditions were as follows: injected temperature, 240°C; detector temperature, 260°C; carrier gas, He; split ratio, 1/30; temperature program, 70°C for 4 min, followed by an increase of 13°C/ min to 175°C, then 4°C/min to 215°C. Peaks were identified by comparison of retention times with those of the corresponding standards (Supelco 37 component FAME Mix, Sigma-Aldrich Co., St. Louis, MO). Identification of the peak included fatty acids between 14:0 and 22:6 and the following CLA isomers: c9, t11; t10, and c12.
Statistical Analysis
The observed effects between treatment groups were statistically analyzed by ANOVA in a completely randomized design (Steel and Torrie, 1986) , and significant differences between means were compared by Duncan's New Multiple Range Test according to the methods previously described by SAS (1994) . The effects of increasing CLA were partitioned into linear components using orthogonal polynomial contrasts (SAS Institute, 1994) .
RESULTS AND DISCUSSION
Broiler Performance and Carcass Quality
Ingredient and calculated nutrient composition of finisher diets are presented in Table 1 . The calculated nutrient composition is based on NRC recommendation (NRC, 1994). Fat content among the diets was similar. The content of palmitic, stearic, linoleic, linolenic, arachidonic, and docosahexaenoic acids in diets decreased as the amount of CLA increased and amount of soybean oil decreased (Table 2 ). In contrast, palmitoleic and oleic acids, cis9, trans11; trans10, cis12, and total CLA increased with increasing CLA level and reducing soybean oil level in the diets. As a result, saturated fatty acids (SFA) and polyunsaturated fatty acids (PUFA) decreased, whereas monounsaturated fatty acids (MUFA) increased. These results are similar to other studies of supplemented CLA in broiler diets (Szymczyk et al., 2001; Aletor et al., 2003; Sirri et al., 2003) .
Feeding CLA at levels of 0.5 to 1.0% in the diet improved feed efficiency, growth, meat production, or a combination of these in rats, mice, and pigs (Chin et al., 1994; Dugan et al., 1997; West et al., 1998; Ostrowska et al., 1999) . In contrast to mammals, Szymczyk et al. (2001) observed marked reduction of weight gain and feed conversion relative to control chickens when broiler chickens were fed on diets containing 0.0 to 1.5% CLA. In the present study, average daily gain (g/bird) was significantly and linearly (P < 0.05) decreased by dietary CLA, whereas no effects of CLA on average daily feed intake (g/bird) were noted (Table 3) . Feed conversion ratio increased with increasing CLA. Depressed growth performance in broilers, resulting from feeding diets containing 0.0, 0.5, 1.0 and 1.5% dietary CLA, was consistent with earlier findings (Szymczyk et al., 2001 ). Previously, Du and Ahn (2002) showed that dietary CLA at levels of 2.0 and 3.0% in the diets for 5 wk reduced whole fat content without significant reduction in body weight gain, but feeding 1.0% CLA for 3 wk did not affect growth or abdominal and whole fat content in broiler chickens. This suggests that dietary CLA is less effective in changing body composition in chickens. Pariza et al. (2001) noted that the cis9, trans11 CLA isomer that enhances growth and probably feed efficiency in young rodents, and the trans10, cis12 CLA isomer that changes body composition use separate biochemical mechanisms. Therefore, feeding periods, dietary concentration, and type of isomer of CLA No effects of CLA on BW, carcass percentage, and percentages of thigh, boneless thigh, pectoralis major, and pectoralis minor were observed. However, percentages of liver and boneless drumstick were significantly different. Of interest was the significant and linear reduction in the percentage of abdominal fat with increasing CLA in the diets. Dietary CLA was reported as a potent inhibitor of body fat accumulation in mice, rats, and chicken (Pariza et al., 1996) . At relatively high dietary CLA concentrations (exceeding 1.0%), the beneficial changes in body composition did not bring expected improvements in growth performance. The possible explanation is that an excessive CLA treatment may stimulate fatty acid oxidation and thus enhance metabolic rate in animals, as demonstrated in mice (West et al., 1998) . The changes in broiler carcass composition were comparable, at least in part, with similar alterations reported earlier in pigs fed CLA-supplemented diets. Significantly reduced deposi- tion of abdominal fat in broilers was in line with fat to lean repartition, reduced back fat thickness, and lower fat contents of commercial meat cuts in pigs fed CLA (Dugan et al., 1997; Dunshea et al., 1998; Thiel-Cooper et al., 2001) .
The effects of dietary CLA on moisture, CP, and fat contents in thigh drumstick and pectoralis major meats are presented in Table 4 . Moisture and CP contents of carcass were similar in all treatments. However, fat content of drumstick meat was significantly reduced with increasing CLA supplementation, whereas those of thigh and pectoralis major meats were similar.
Fatty Acid Content of Broiler Meat
The effect of CLA supplementation on fatty acid composition of thigh, drumstick, and pectoralis major meats is given in Tables 5, 6, and 7. As could be expected, feeding incremental levels of dietary CLA (0.0 to 1.5%) resulted in linear increases in concentrations of CLA isomers in tissue lipids. Indeed, dietary CLA isomers were efficiently transferred in mice (Belury and Kempa-Steczko, 1997) , rats (Chin et al., 1994; Sugano et al., 1997; Szymczyk et al., 2000) , and pigs (Kramer et al., 1998) to various classes of body lipids. Szymczyk et al. (2001) found that incorporation of individual CLA isomers into body lipids differed as indicated by preferential incorporation of cis9, trans11 CLA at the expense of trans10, cis12 and other isomers. The findings of the present study are comparable with the previous study, which found that cis9, trans11 CLA isomer accounted for 54 to 56% of the total CLA in muscle lipids (Szymczyk et al., 2001) . The concentration of individual CLA isomers in muscle lipid does not completely reflect those in diet. As shown in Table 2 , the percentage of cis9, trans11 and trans10, cis12 in the CLA source were 30 and 30%, respectively; how-ever, their percentages in muscle lipids differed appreciably at 60 to 75% and 25 to 40%, respectively. However, the reason for the cis9, trans11 isomer being deposited at a higher level in muscle lipids is poorly understood, although it may be connected with the fact that some isomers are more effectively mobilized compared with others (Park et al., 1999) . Szymczyk et al. (2001) reported that deposition rate of the cis9, trans11 isomer in muscle lipids was higher than that of the trans10, cis12 isomer.
Supplementing the grower diet of broilers (Cobb 500) from d 22 to slaughtering at d 47 with 2.0 or 4.0% CLA resulted in higher CLA concentrations in pectoralis major and drumstick tissues compared with the control group (Sirri et al., 2003) . Similar results were reported by Aletor et al. (2003) in Ross broilers. Previously, Szymczyk et al. (2001) investigated the effects of increasing CLA concentrations (0.0, 0.5, 1.0, and 1.5%) in starter and grower diet from d 4 to 42 in Arbor Acres chickens and found a linear increase of CLA in tissue samples associated with CLA supplementation and no CLA in the control group. Supplementing the diet of 3-wk-old broiler chickens with 0.0, 2.0, and 3.0% CLA over a 5-wk period resulted in 0, 105, and 178 mg of CLA/g of lipids in pectoralis major muscle, respectively (Du and Ahn, 2002) .
Apart from increased CLA contents in the adipose and muscle tissue, the supplementation of CLA also influences tissue fatty acid composition in pigs. Several reports indicated that CLA supplementation increased the amount of SFA (C14:0, C16:0, and C18:0) and decreased the MUFA fraction in pig tissues by downregulating the 9-desaturase activity (O'Quinn et al., 2000; Bee, 2001; Eggert et al., 2001; Ramsay et al., 2001; Thiel-Cooper et al., 2001; Joo et al., 2002; Wiegand et al., 2002; Lauridsen et al., 2005) . A higher saturation ratio is less desirable from the human health perspective. The same changes in fatty acid composition were seen in broilers when CLA was supplemented (Szymczyk et al., 2001; Du and Ahn, 2002; Aletor et al., 2003; Sirri et al., 2003) . Szymczyk et al. (2001) reported the striking results that they found the changes in the relative proportions of different classes of fatty acids in the abdominal fat, pectoralis major, and leg muscles. Generally, the SFA content was significantly increased and that of the MUFA and PUFA decreased. The changes in the fatty acid profiles were due mainly to increases in concentrations of C16:0 and C18:0 and concurrent opposite changes in concentrations of C16:1, C18:1, C18:2, and C20:4. The findings of the present study are comparable with the study of Szymczyk et al. (2001) , which found that the SFA content in muscle lipids tended to increase and the MUFA and PUFA contents tended to decrease. These could have resulted from the inhibition of ∆ 9 -desaturase activity in the liver, caused by CLA.
In conclusion, the present study shows that feeding CLA in incremental dietary concentrations to broilers is an effective method to obtain CLA-enriched meat and thus the potential health-related benefits of CLA consumption in humans. At the same time, the deposition of abdominal fat is favorably reduced, and the relative proportion of thigh, pectoralis major, and drumstick muscles (% of carcass weight) is unaffected. The CLA supplementation tends to adversely affect the fatty acid composition of these tissues by increasing SFA content at the expense of MUFA and PUFA. Further studies are required to investigate the optimum concentration and balance of CLA isomers needed to obtain CLA-enriched broiler meat.
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